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INTRODUCTION

The purpose of this report is to summarize the devzlopment work of

the Computer Technology Program (or REACT - Relevant Educational Applica-

tions of Computer Technology) during the period of July 1, 1971 to August 31,

1972, under USOE Grant OEG-0-71-4655.

This phase included writing

and developmental testing of a course in computer careers for high school

pupils. This phase took the course through two testing and revision cycles

and brought them to the interim product state ready for field testing.

The report is organized as follows:

Background of Computer Technology Program (REACT)
Description of products from this project
Testing program

Goals

Procedures

Results

- Actions and recommendations

The report also contains in Appendix A a sample of the prototype

produced.

manuals




BACKGROUND OF COMPUTER TECHNOLOGY PROGRAM (REACT)

Since 1969, Program REACT of the Northwest Regional Educational
Laboratory has been developing course materials for a wide variety of target
audiences in the field of computers in education.

Earlier work is described in the REACT/CUES (Computer Utility for
Educational Systems) Technical Reports of January 31, 1970 and January 31,
1972. This work focused primarily on developing and testing three computer
courses for teachers and school administrators. Work was also done in
development of student curriculum materials for the various academic
disciplines.

Long-range program plans call for further work in teacher training,
administrator training, pupil curriculum materials and career education in
. the computer field. In 1971-72, work was concentrated on a project in the
latter - career education in computers. The development and testing. of

these materials is the subject of this report.




DESCRIPTION OF PRODUCTS FROM THIS PROJECT

®
The printed products of the wroject in computer careers make up a
? complete course titled The Elements of Computer Careers. It includes
these manuals:
e USER'S GUIDE
' This is the guide for teachers, administrators or course
managérs to help them use the materials effectively. It
3 includes a description of the materials, discussidn of the
hardware necessary and alternative ways to obtain it,
teacher training needs, helps in organizing the course,
] a case study of the field test course, lists of resources,
and more.
e THE ELEMENTS OF DATA PREPARATION
’ e THE ELEMENTS OF COMPUTER OPERATION
e THE ELEMENTS OF COMPUTER PROGRAMMING
) e THE ELEMENTS OF SYSTEMS ANALYSIS

e THE ELEMENTS OF SYSTEMS PROGRAMMING

e THE ELﬁMENTS OF COMPUTER CENTER MANAGEMENT
These manuals are the heart of the training system. Each covers
a job area in a computer center. Each manual is divided basically
into three sections. The first part presents the nature of the job
itself. In this section, the student learns about salaries, working

conditions, education and training requirements, career paths, and
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other general descriptions of the job field itself. In section two,
the pupil is presented some of the skills and concepts associated
with the particular job. These are not at a high level of sophis-
tication, but enough to give the student a feel for the job and to
solve some problems. The final section presents a series of
problems or exercises in the particular field. A large majority
of these can be solved even though a computer is not available.
COMPUTER CAREERS IN PERSPECTIVE

This booklet is a general description of the types of career oppor-
tunities available in the computer field. It covers the fields of
business and industry, scientific research, and education. Appli-
cations in these areas are described with specific examples of

projects which a student might work on if he were to be employed

in that area.




TESTING PROGRAM

Goals

The goals of the testing and research on this project were these:

e obtain performance and opinion data to support revision of

the training manuals

e measure the effect of this type of program on a typical

high school
e document the problems and procedures of implementing this

‘ " type of program in a typical high school

Procedures

‘e

Test Site
The test site selected for this developmental testing phase of the

Y program was Centennial High School in Gresham, Oregon. The
school is located in a middle-class, white subiurb and enrolls approxi-

mately 2,000 pupils. The school had an existing computer program,

’ utilizing a regional computing center via the medium of a teletype-
writer terminal for problem-solving and programming experience.
The school had one teacher with a good computer background and
)

several others with a very slight computer background. These
factors indicate that the school, and therefore the test pupils,

probably approximate closely the ultimate target population.




Testing Technique

The training manuals were tested three times by three distinct

classes. Necessary revisions were made on the basis of the data
obtained in each testing phase. Post-test scores were analyzed by

item to pinpoint specific weak spots in the textual material.

Questionnaires were administered to extract more general reactions

from the student:s about the manuals. All testing was done in small

groups (1 to 4) under direct observation of a staff member. In this

way, problems (such as blockages, confusing passages or instructions,

and other irreguixrities) could be documented as they arose. The - : )

tests given were mostly multiple-choice, with some completion

ftems included. Thcre was one test for each manual; the average
number of ftems was 22, with a range of 17 to 31. A sample of

the tests is shown in Appendix B.

Data
Data collected were:
® pre-test score
e post-test score
e answers to opinion questionnaire completed by pupils:

questions related to: )

general reactions

appropriateness of content

appropriateness of problems

appropriateness of level of difficulty

pupil descriptive data
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Analysis of Data

Test scores were analyzed in this way:

e Differences in scores were computed between pre and post

tests (by individual and by group) to show measures of

growth, These were interpreted within the context of
the recognized limitations of this technique, particularly
with small N-counts.

e Item analyses of the post-test scores were made to isolate
areas needing attention. When the mean performance tor
a group dropped below 80% for a particular item, special
attention was given to the item itself or to the content which

supported it. The 80% figure is an arbitrary one chosen as

a 'red flag" in the revision process and does not suggest
that this is either a minimum or a satisfactory performance

- for all students.

Opinions
; Opinion questionnaires were analyzed in this way:
® Responses were summ~:ized and categorized as much as
possible.
’ o The information extracted from the questionnaires was used

in the revision process, bearing in mind the relative maturity

and sophistication of the test subjects.




Effect on School

Measures of the effect of the program on the school were;
¢ Number of teachers using the computer in some way in

their teaching. These were teachers who took some

instruction in curriculum applications, then worked with
students in designing computer curriculum applications
for theiir own classrooms.

e Number of pupils who were reached by computer-related
activities, both directly and indirectly through the appli-

cations referred to above.




RESULTS

The first major goal, to obtain revision data, was realized. An cxample
of the item analysis data collected is shown in Figurc 1 on page 11, this being
from the summer school sessions. Data from all manuals is available from
the Laboratory but is not included in this report. Every manual was revised
during the year -- some minimally (typographical errors, occasional words
or sentences that were unclear, etc.) and some extensively (up to 20-30% --
in some cases, major sections being discarded and replaced). Some of the
testing followed much of the major revisions, but further field testing is
indicated. The evaluation plan for the field testing is in Appendix C.

The results of the questionnaires were generally positive, but were
interpreted in view of the maturity level of the respondents. This type of
evaluation, while general, did focus the attention of the developers to some
prcblems or exercises that were too difficult, what was liked and disliked
in terms of format, style, and so on.

The effect on the school was measured more informally. Definite
impact, however, is represented by these figures. Nearly fifty students
were directly involved in the program -- fifteen from an advanced computer
course, twenty-five from an introductory course, and eight in a summer
session. Nine teachers were directly involved -- that is, worked through
the teacher training material provided them -- then worked directly with
pupils in defining curriculum app‘lications for their own subject areas. These

teachers represented the following subject areas:

11




Mathematics 2 English 1
Science 3 Business 1
Social Studies 1 Industrial Arts 1
Approximate projections based on the class assignments of the teachers
involved suggest that 300-500 pupils may have been indirectly affected by the
project.
The third goal, that of documenting the project, is dealt with else-
where in this document. Basically, the information gained in this area is

contained in the User's Guide,
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UNIT IV - ELEMENTS OF SYSTEMS ANALYSIS

PRE-TEST POST-TEST
QUESTION N =7 N = 7
NO. PRT CORRECT 2 CORRECT 2 GAIN
1 0 0.0 2 2846 2646
2 1 14.3 6 857 M4
3 A 4 5741 6 8547 28.6
3 B 4 571 6 85.7 28.6
3 C 5 71 ¢4 7 100.0 28.6
4 3 42.9 S 71 .4 28.5
S 2 28.6 6 857 5741
6 A 4 5741 7 100.0 42.9
6 B 4 571 7 100.0 42.9
6 C 4 971 7 100.0 42.9
7 1 14.3 S 1.4 5741
8 2 28.6 5 714 42.8
9 1 14.3 7 100.0 8547
10 1 14.3 3 42.9 28.6
11 3 42.9 6 857 42.8
12 2 28.6 4 571 28.5
13 4 571 S 714 1443
‘ 14 2 28.6 5 71 .4 42.8
15 0 0.0 S 714 714
16 A 4 571 6 8547 28.6
16 B 4 571 7 100.0 42.9
16 C S 71 e 4 6 857 1443
17 0 0.0 5 1.4 714
18 2 28.6 4 571 28.5
19 0 0.0 4 571 571
20 2 28.6 S 1.4 42.8
21 A S 71 e 4 7 100.0 28.6
21 B 4 571 6 8547 28.6
- 21 C S 71 .4 6 85.7 14.3
i 22 1 14.3 4 571 42.8
25 1 0 0.0 3 42.9 42.9
25 2 0 0.0 4 571 5741
25 3 0 0.0 3 42.9 42.9
25 4 0 0.0 3 42.9 42.9
' 25 5§ 1 14.3 6 8547 714
32.65 74.68 42.03
PRE-TEST POST-TEST
) N = 35 N = 35
S TUDENT CORRECT 4 CORRECT 4 GAIN
1 16 45.7 19 S4.e3 8.6
2 20 571 32 91.4 34.3
3 11 31.4 29 82.9 515
4 0 0.0 18 S1e4 514
S 17 48 .6 32 91.4 42.8
6 7 20.0 30 85.7 657
7 9 25.7 23 650 7 40.0
32.64 74+69 42.04
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ACTIONS AND RECOMMENDATIONS

7

Actions taken e;s a.result of the testing program were:

e All manuals were revised on the basis of cues from the test item
analysis, opinion questionnaires, and observations of the pupils
at work.

e The User's Guide was written to help implement the course most

effectively and efficiently, given the circumstances which exist in
a given school. Suggestions are made for using the materials in
different ways, depending on time and hardware availability.

Further field testing is currently being planned which will test the
course under more natural conditions, i.e., without the presence of develop-
ment staff.

The User's Guide was the last manual to be written and includes,
along with descriptions of the course, recommendations for how to use the
materials. The next paragraphs are summaries from that manual.

REACT Career Training is an integrated system of student training
manuals, computer hardware, and teacher training. Ideally, all three com-
ponents will be implemented. It is possible, however, to use the student
manuals without hardware or teacher training.

The manuals are designed so that optimum use is with a student
computer center available for laboratory work. Students have the opportunity

to '"try out" each of the roles in a real setting as they progress through the

manuals.
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In order to provide students with experiences that are as close as
possible to reality, the teachers or administrators in the school can act as
"users, ' served by the student computer center. Students then act as data

preparers, computer operators, programmers, analysts, systems programmers,

and managers in order to develop the applications asked for by these 'clients"

{teachers/administrators).

Alternatives for Using the System

The manuals have been designed for flexibility in use. Ideally, pupils

\

should progress through the manuals in the sequence shown. A teacher may
elect, however, to use specific manuals out of order or in isolation. Several
ways of using the materials are presented here as guides for the teacher in

’

designing his or her own program.

Mode One - Individual Instruction

A teacher may select individual pupils to study one or more manuals
on an independent basis. In this mode, students may branch out of
the sequence at any point to pursue a particular occupational area

(for example, computer programming) in some depth.

Mode Two - One Semester Caréer Orientation

If there is no computer center available on which the students can

extend their knowledge gained from the books by 'hands-on' practice,

the manuals will still be valuable. In this mode, the total instruction
time lends itself to a one semester course. By the end of the semester,
students should have achieved a basic orientation to the computer-

13




related career clusters they have studied. They should know if they

have enough interest in any of these occupational areas to warrant

further training.

Mode Three — Full Year Orientation

In its optimal usage, the course will last a full year and will utilize

the study of the manuals, interaction with teacher/administrator 'clients"
on extensive projects, and student operation of a small computer center,
These activities should be sprinkled liberally with books, films, guest
speakers, field trips and other supplementary resources. The last
section of this manual contains suggestions for these. The course

may be a full course totally devoted to career orientation, or the
materials could become the focus for an already existing Introduction

to Computers course. Used in this way, it would cover many of the
concepts probably previously included in the course, but would shift

the emphasis to career orientation.

Using the Manuals

The manuals are written to be self-instructional, Experience with
similar courses previously developed, however, indicates that while there
will be no "teacher'" in the traditional lecture-recitation sense, a teacher or
course manager is necessary to supervise, control the flow of materials,

evaluate progress, and generally do trouble-shooting if the materials are

being used by a class-size group.
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INTRODUCTION

One of the key people on the production end of data processing is
the computer operator. He is the individual responsible fcr over-
seeing the operation and the final output of the computer system.

in Part T of this manual, you will learn what a computer operator
does, what the requirements of the job are, and how the position

fits with the other jobs in the typical computer center organization.
You will also learn about the career paths open to computer operators.

In the second part, you will learn about the general flow of computer
processing and about the equipment which makes up a computer system.
Part III describes the various aspects of computer software (that is,
programs) which make the computer work., Also in this section, you
will see how computers run in different modes to produce different
kinds of output and how data looks inside the computer.

At several points in Parts I, 1I, and III, study questions are given
under the heading "Check Your Understanding." At the end of each
set of questions, a note tells you where to find the answer key to
the questions. You should answer the questions in each set, then
check and correct your answers using the key.

Part IV of this manual first takes you step-by-step through a typical

day of computer operation. Some guidelines on dealing with problems

in the runs and on handling the data media are then given. And,

finally, an exercise in computer operation is presented in which you

are expected to take the part of the operator and to perform typical

tasks like filling out logs, making decisions, and interpreting” information.

Once you have completed this manual, you should have a clear under-
standing of what a computer operator does and what importance his
job has. At that point, you should have enough information to decide

whether or not you are interested enough in this kind of work to study
more about it.




PART I

THE WORLD OF

THE COMPUTER OPERATOR




PART 1 THE WORLD OF THE
COMPUTER OPERATOR

THE JOB

In the computer center, the person who works most directly with the
computer and its related equipment is the computer operator. In
fact, he is responsible for the efficient use of the computer itself

and of the additional devices which feed information into and out of the
computer. No computer center can function very efficiently without a
competent and skillful computer operator.

When the computer center's programmer has finished writing the pro-
gram for a specific task (or "job,'" as it is called) and has gathered
together all the data to be used with the program, he is nearly ready
to put the '"running of the job'" into the computer operator's hands.
But before he does, he must have the program (which tells the com-
puter what to do) and the data (the information the computer is to do
something to) put into a form which can be fed into the computer,

Usually the programmer has his program and data put into the form
of punched cards or punched paper tape by a data preparation clerk.
He then takes his decks of punched cards or paper tapes to the com-
puter operator along with an "instruction sheet" gis/ing any special in-
structions involved in "running'" the program. Here the computer
operator's work starts,

The computer operator first schedules the running of the job on the
basis of the job's importance and the availability of his computer's
time, Then, at the scheduled time, he sets up his computer equip-
ment to run the job as directed by the instruction sheet. This includes
picking out and mounting appropriate printout paper on the computer
printer and loading the input (cards, paper tapes, etc.) onto the appro-
priate input devices (card reader, paper tape reader, etc.) When all
the card or tape input for a job is attached to the instruction sheet by
the programmer, the computer operator has it automatically at hand
when he is ready to run the job. In many cases, however, some of
the programs and data needed for a job are stored on cards or tapes
kept in the computer room. In these cases, the operator must gather

the required input from shelves or files and then load them for use
at the appropriate time,




When the computer operator is ready to put data in the form of punched
cards into the reader, he loads the deck of cards into the input hopper
at the top of the reader. The cards are automatically passed into a
"wait" section in the reader and from here, they are moved one at a
time through the ''read' station.

You already know, generally, what happens in the card reader's 'read"
station: the punched-hole code is 'read.' But, more precisely, there
are twelve photocells in the station which ''read" one column on a card
at a time and register the code punches. The data from each card

is picked up this way and transferred electronically into the computer,
in fact, where it can be located ("accessed') for processing by the
computer the moment it is needed. '

After each card is read, it is moved automatically into the card stacker
on top of the card reader unit. When the cards have all gone through
the reader, then, they end up stacked in order in the card stacker.

The convenience of the card readers' input hopper and card stacker

allow the computer operator to load and retrieve the decks of punched
cards easily.

Paper Tape Reader

A second common input device is a paper tape reader, which is de-
signed to 'read'" data programs from the medium of paper tape. On
a roll, blank paper tape look like this:

n (-
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Fig. 8 " Blank roll of paper tape.
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Once his equipment is correctly set up for the job, the operator loads
the program into the computer, so that the computer is prepared to do
all the proper things to the data that is to be processed. Now, the
operator starts the computer "run'" and monitors the computer's opera-
tions from the control panel and the console typewriter. As you can
guess, the console typewriter allows the computer operator to type in
directions to the computer as required ky the instruction sheet, such
as telling it initially to start the run. The console typewriter is also
used to type in information which the program requests, such as the
current date. The control panel is equipped with buttons, switches
and lights which inform the operator what the computer is doing and
which allow him to regulate its operation.

)

When the control panel lights show that the machine has stopped for

some reason, the opecrator has to determine if there is a problem and !
if so, he must correct it or call in a maintenance engineer. He also

monitors the control panel, the console typewriter, and the output

(data printed out by the computer) for any evidence that the run is not

proceeding correctly, and he stops the job if necessary.

Whenever a run cannot be finished because of a problem in the program
or data, the operator returns the cards or tape to the programmer
along with the instruction sheet and a brief but precise report of all
indications he observed of where the problem may lie.

>

Wizen a job has been successfully run, on the other hand, the operator
removes the cards or tapes used for the job and stores them in the
proper place in the computer room. He then returns the instruction
sheet and all output to the programmer. If the programmer has re-

quested that cards or tapes also be returned to him, they are returned \
with the instruction sheet and output. ’

As you can probably imagine, computer rooms are usually very busy
places and time is valuable. For this reason it is important for the
computer operator not only to schedule the work carefully, but to keep

an accurate log of the time used for each job. He is also responsible )
for writing periodic reports on the use of the computer he is in charge
of.

In large computer centers, the computer operator usually has some

help in keeping the computer room rusuning smoothly and efficiently. )
Most often he will have one or more tape librarians to help with the
location and handling of the magnetic tapes. He may also have assist-
ants trained to operate some of the other equipment, including the in-
put devices which feed information into the computer and the output
devices, through which information comes out of the computer. These
input and output devices include such equipment as card readers, high
speed printers, and separate card handling equipment such as sorters

4
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Like punched cards, data is recorded on paper tape by means of holes
punched in coded sequence. As shown in the figure above, the inch-
wide tape has room for eight rows of holes -- five running parallel

to the drive sprockel holes on one side and threc running paralle! on

the other side.  ‘T'he most commonly used paper tape code, ASCII, uses
the first seven of these rows.

The illustration below shows a paper tape with the statement "THIS

IS A SAMPLE TAPE'" punched in ASCII code. Each column of punched
holes represents one letter, number, or symbol. Although the eighth
{or bottom) row of holes has been punched, the punches in that row
are not a part of the code.*

THIS IS A SAMPLE TAPE

* L drive
oooo:ooooooooooo:o::otwo:ooo /SpfOCket
e o e 0 holes
o o o o o o 0
o 0 °
0000 00 © 000000 o000
© © 00 0 o e0ee o

Fig. 9 Tape punched in ASCII code.

When the computer operator is ready to load data fromn the medium
of paper tape into the computer, he mounts the roll of punched paper
tape on a paper tape reader such as the one pictured on the next page.

*To learn more about ASCII code on paper tape, see pages 37 to 40
of the manual, THE ELEMENTS OF DATA PREPARATION.,
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and collators. In most small centers, however, the computer opera-
tor runs the computer and all the peripheral equipment himself, and
he does all the handling and filing of tapes, disks and cards stored
in the computer room.

REQUIREMENTS FOR THE JOB

Skills

Becoming a competent computer operator requires the development of
several special skills as well as some more general ones.

Among the special skills he needs, the most important are

those involved in setting up the computer equipment to run any given
job and in operating the computer from the control panel and console
typewriter. Both of these tasks require a basic knowledge of the
various pieces of computer equipment and how they work together.

Of course, the better the computer operator understands the equipment
and the way each piece works with the others, the more efficienily he

can run the computer system and the more quickly he can locate any
trouble that might occur.

In addition to operating equipment in the computer system, it is help-
ful if the computer operator knows how to run the various machines
which prepare and handle punched cards, including key punch machines,
card sorters, card interpreters and verifiers, and card collators.

He must also be proficient in the general handling and efficient

storing of card decks, tape reels, magnetic disk packs, and other in-
put/output media commonly kept in the computer room.

Good skills in basic arithmetic are important to the computer operator.
Since computer printouts commonly involve numbers and resultr of
simple arithmetic operations, the operator often checks the printout
during the run for evidence of any errors or problems in {lie run. It
is easy to see that the computer operator who can catch arithmetic
errors at a glance can save a considerable amount of valuable time,
both for himself and the computer.

Another skill of considerable importance to the computer operator is
that of communicating effectively both in speech and in writing. He
uses both forms of communication continually in his work, since he
has to understand directions from and write explanations to program-
mers about specific computer runs, communicate with the computer
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Fig. 10 A typical paper tape reader

As you can see from the illustration, the paper tape is threaded
through the '"read'" station and wound onto a take-up reel. The
"read" station is equipped with a series of sensors which read the
coded holes on the tape, one column at a time. The data is then
electronically transferred to the computer for use.

Most paper tape readers look something like the one pictured above,
wilh the exceptlion of the rcader attached to the freestanding teletype-
writer discussed on page 32, Each tape reader unit has a manual
accompanying it which gives the computer operator explicit directions
on how to mount, thread, run and rewind tape on the given device.
In every case, the mechanics are relatively simple and straight-
forward. The computer operator needs only to follow the special
directions in the manual and to be careful not to tear or perforate
the tape being mounted and threaded.
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through the console typewriter, and write periodic reports about the
computer's use.

Fducation

The minimum education expected for the computer operator's position
is a high school diploma. The candidate for the position should have
obtained a useful general education and a good background in mathe-
matics as well as in language arts. Most computer operators find
that the high school courses which helped them the most were mathe-

matics and English courses. Logic and psychology provide additional
useful background.

Further, more specialized training for the job is desirable and can

be a real boon to the high school graduate interested in a computer
operator's career. Such training is readily available through special
data processing schools and through classes offered by computer manu-

facturers. Computers centers may also make on-the-job training
available.

Like others in the data processing profession, the computer operator's
education doesn't stop when he gets the job. Continual changes in the
data processing field in general and in computer equipment in particu-
lar make further training through on-the-job and off-hour courses neces-
sary from time to time.

Personal Characteristics

Since the operation of machines is the '"heart" of the computer
operator's work, he clearly needs enough natural mechanical ability .
to feel comi>rtable learning about keyboards, control panels and the
like, In addition, a computer operator must be able to use his hands
easily because handling cards and tapes and operating keyboards and
conirol panels are constant activities. Further, since the computer
operator often has to lift and carry card decks, rolls of printout paper,

disk packs and other bulk items, he or she needs to be generally physi-
cally fit.

The setting up and monitoring of the computer system requires con-
stant attention to details. For this reason, the computer operator

needs to be naturally alert, and should enjoy doing detailed and accu-
rate work.




Magnetic Tape Drive

Another input device common to computer systems is the magnetic

tape drive, which reads input data from magnetic tape and transfers

it to the computer. You may already have guessed that the magnetic
tape used in connection with computers must work something like
regular magnetic recording tape. That is true. In addition, the
magnetic tape drive unit works very much like a regular tape recorder.
In fact, just like the average tape recorder, the magnetic tape drive

can both "record" (or '"write') data onto magnetic tape and 'read" data
from the tape.

The magnetic tape itself is always stored and handled on reels, like
those pictured in Fig. 11 below. Data is carried on the magnetic

tape in code in Lhe form of magnetized spots rather than in the form
of holes as in cards or paper tape.

How do the magnetic spots gel '"written" onto the tape? For the

answer, remember what we said above ahout the magnetic Lape units

being able both to record onto and to read from tapes, and then look more
closely at the illustration of the magnetic tape unit in Fig. 11.

magnetic tape

read-write head

Fig. 11 Magnetic tape unit.
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The computer room is a busy, sometimes hectic, place to work; there
are usually hour-to-hour (sometimes minute-to-minute) changes in com-
puter use, and work is frequently done under the pressure of deadlines.
Sudden "rush" jobs may add to the bustle. Consequently, the computer
operator must be adaptable and able to keep a cool head, even under
pressure.

Finally, the computer operator should be able to get along well
with people; he often has to work with programmers and systems
analysts in scheduling and running their jobs, and with assistants in
the computer room.

WORKING CONDITIONS

The computer room is the site of most of the computer operator's
work, and it is usually clean, well-lighted and air-conditioned room
with moderate noise level from the equipment. Smoking is generally
not permitted in the computer room. The computer operator normally
observes the routine eight-hour day with morning and afternoon coffee
breaks and lunch hour breaks. However, it is not uncommon for
special "rush' jobs or temporary computer breakdowns to make the
operator's work schedule irregular. '

Although the computer operator does a certain amount of work at his
own desk, such as writing summary reports and filling out logs and
schedules, he spends most of his working hours standing and moving
about the computer in the process of setting up the equipment and
monitoring its operation. In the midst of runs, he has short periods
of inactivity, but these nevertheless require constant alertness because

he must continually watch the equipment to be sure it is running pro-
perly.

The operator generally functions as the overseer of the computer equip-
ment, assisting the programmers in testing their programs and mak-
ing final runs of jobs on the computer. He usually reports

directly to the operatidn supervisor who, in turn, is responsible to

the manager of the computer center. In larger centers where several
cor:aiputer operators may be employed, there is often a 'lead operator"
who guides the other operators in their work.




The magnetic code is written onto the tape by the read-write head
located at the center of the unit. It is called a 'read-write' head
because it does both the "vriting'" onto tape and the ''reading" from
tape for input into the computer. Inside the head there are usually
two magnetic coils which can either sense the presence of magnetized

spots (that is, 'read" them), or magnetize spots on the tape's surface
(that is, 'write" them).

You will remember that the special machines used to punch the code
holes in paper tape or cards were run from keyboards something like
a typewriter's. There is also a keyboard-type of machine designed
to record the magnetic spots on tape. It is a newly developed piece
of equipment and, where it is installed, it iz used to transcribe raw
data directly onto magnetic tapes.

As yet, however, it is far more common for computer systems to

use the magnetic tape drive read-write head to record data onto the
medium of magnetic tape. In this case, there is no manual keyboard
available. The read-write head is run electronically from the computer
itself. So, if a program or some data needs to be put onto the mag-
netic tape, it is first put into the computer from punched cards, paper
tape or any other medium, and the computer is simply instructed to

output the same material on magnetic tape through the tape drive's
read-write head.

It is true that magnetic tape on reels is easier to handle (and less
susceptible to damage) than punched cards or perforated paper tape.

In addition, a great deal more information can be stored in spot code
on an inch of magnetic tape than can be stored in punched-hole code on
on an inch of paper tape. So, whenever there are programs or sets
of data which a computer center uses fairly often and/or needs to
preserve, the material is often kept on magnetic tape. You can see
then that the recent development of the keyboard-type magnetic tape
writer can save time by allowing the user to skip the step of putting .
programs or data onto cards or paper tape, and to record the material )
directly onto magnetic tape. However, the tape units' read-write

head will continue to be usetul as a recording instrument. The reason /

is that often the results of computer runs need to be kept for future

use; using the read-write head, the computer can output its results

directly onto magnetic tape, which is more durable and easier to b
handle than paper media.

Now that you know thu essentials of recording onto the medium of
magnetic tape, let's return to our main topic, that of input devices,
and look at the magnetic tape drive in this light.
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COMPUTER OPERATION AS A CAREER

As more and more organizations are installing computers or using
computer services, the demand for computer operators is generally
increasing. This is particularly true in the metropolitan areas where
the largest businesses and industries are located and where the turn-
over in operating personnel is relatively high.

In the larger cities, candidates for a computer operator's job may
apply to any number of different kinds of organizations for possible
employment: colleges and universities, data processing firms, large
cornorations or businesses, banks, insurance companies, city, county,
and state governmental offices, the offices of major utilities, and so
forth. Applicants may also want to consider taking positions as input/
output clerks and decollators, tape librarians or scheduling clerks, for
which they are usually well qualified.

The current salary range for computer operators is from about $95 to
$200 per week, * depending on the size of the organization and the ex-
perience and capabilities of the operator,

There are several directions a computer operator's career can take.
Many successful computer operators choose to continue working directly
in computer operations, where changes and improvements in equipment
allow them to keep expanding their knowledge and skills. In larger
centers, the operator may move into the position of lead operator and,
if he has supervisory abilities, he may move upward to operations su-
pervisor, Other accomplished computer operators move into program-
ming careers, preparing themselves either through outside programmer
training courses or through on-the-job training.

On the whole, the successful computer operator has good chances
for promotion; his knowledge of computer equipment and how to
operate it effectively provide a good base from which to learn other
specialties in the data processing field.

*U.S. Bureau of Labor statistics, 1971.
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Computer centers often have a library of master magnetic tapes --
tapes encoded with often-used programs and data. When a computer
run calls for the input of material from these tapes, the operator
simply locates the tape in the tape library and mounts it on the mag-
netic tape drive. When it needs the material, the computer can then
activate the tape drive's read-vrite head to ''read" the coded spots
and transfer the data electroniczlly into the computer for use. The
computer itself has complete control over activating the tape drive to
input (or '"access'') material. DBut, the computer does so only accord-
ing to instructions. These instructions come from the program being
run or from the special instruction cards* for the run which are given
to the operator by the programmer.

Most magnetic tape units look something like the unit pictured in Fig.
12, and are set-up and threaded very much as regular tape recorders
are. Iastructions for setting-up individual tape drives are always
available in the manuals accompanying the given unit.

Fig. 12 Typical magnetic tape drive.

*These cards are most often referred to as "job control cards,'" and
they are commonly used to tell the computer how to prepare for a run.
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[Check Your Understanding]

Put a check (v) in the box(es) beside the correct answer(s) to the
following questions.

1.  Which of the following tasks are commonly performed by the
computer operator?

(O a. Preparing data on punched cards or paper tape.
O b. Scheduling jobs on the computer.

O c. Writing programs,

O d. Running jobs on the computer.

O e. setting up the computer equipment for each job.
O f. Monitoring the computer's control panel.

2.,  Which of the following skills must he developed to become a
competent computer operator?

Communication skills.

Arithmetic skills.

Programming skills.

Skills in handling input and output media like cards
and tapes.

Skills in repairing machines.

All of the above are needed.
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3. The minimum education required for a computer operator's job
is which of the following?

O a. a college degree

O b. a high school deploma
O c. a master's degree

[(J d. twoyears of high school

4. Which of the following are characteristics of a good computer
operator?

Dislikes commotion or noise on the job.
Is physically fit. .

Has natural mechanical ability.

Is naturally inclined to ignore details.

All of the above are characteristics of a good computer
operator,
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Dislikes commotion or noise on the job.
Is physically fit. _

Has natural mechanical ability.

Is naturally inclined to ignore details.

All of the above are characteristics of a good computer
operator,
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Sometimes in a computer center you may see a tape drive inputting
data from a magnetic tape, hut you may notice that the tape reels
spin for a minute, then stop, and then spin again, sporadically. (In
like manner, you could see cards in a card reader or paper tape on
a paper tape reader appear to run, then stop, then run again.) What
is happening?

rd

Something very simple! In these cases, the computer is running a
program (which has already been loaded. into its memory) which calls
for data to be 'read in'" by the input device one set at a time. So,
the computer program calls on the input device to read in one set of
data, to stop while that data is being processed and then to read in
another set.

——

When a complete program or batch of data (called a '"data file') is
being input all at once by a magnetic tape drive, however, you can
ohsgerve one of the things which make magnetic tape and the magnetic
tape drive so useful for inputting data into the computer -- their speed!
. 3}
There are two input devices, however, which are even faster than a
magnetic tape drive. They are the magnetic disk drive and magnmetic
drum drive.

Magnetic Disk Drive

The magnetic disk drive is uscd to input data from magnetic disks
which look very much like phonograph records.
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Fig. 13 Magnetic disk, showing recording tracks.
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However, if you look careful at the disk illustrated in Fig. 13, you

will notice that the grooves on the disk actually form circles or tracks
rather than spiralling in a continuous line toward the middle, as grooves
on records do. One disk, in fact, can have hundreds of tracks on each
side. Data is recorded on these tracks on code in the form of mag-
netic spots. The coded spots are almost microscopically small, and
even more information can be coded onto one side of a disk than onto
an entire reel of magnetic tape.

To make them even more useful and easy to handle, disks are stored
and worked with in "packs" -- that is, several disks are stacked to-

gether in one pack with a fixed distance of an inch or so between each
disk.

Fig. 14 A disk pack.

Since the surfaces of these disks have a magnetic coating onto which
the coded spots are written, you can understand that care is needed
to protect the surfaces from damage. For this reason, packs are
kept in plastic covers when not in use. An added protection is given
the disks in disk packs by leaving the two exposed disk surfaces (the

top surface of the top